Calculations

Capacitances of single electrode
The areal and gravimetric capacitance of a single electrode can be calculated based on galvanostatic charge-discharge experiments according to Equation S1 and S2:
Where C s and C m (mF/cm 2 or F/g) are the areal and gravimetric capacitance, I the discharge current (mA), t the time (s), ΔU the potential window (V), S the working area of electrode (cm 2 ), m is the mass of active material (NOC or MnO 2 ). The mass loadings of all NOC electrodes were controlled to be 2.3 mg/cm 2 by adjusting the electro-deposition time. The mass loading of MnO 2 NSAs is 1.0 mg/cm 2 .
Capacitances of NOC//MnO 2 Devices
The volumetric capacitance (C v , unit in F/cm 3 ) of NOC//MnO 2 can be calculated based on galvanostatic charge-discharge experiments according to Equation S3:
Where I is the charge-discharge current (A), t the discharge time (s), ΔU the potential window (V) and V the total volume (cm 3 ) of the whole device stack including two electrodes, electrolytesoaked separator and packages. The working area and thickness of the NOC//MnO 2 device are ca.1 cm 2 and 0.0735 cm, respectively. The whole volume of the NOC//MnO 2 device are about 0.0735
The gravimetric capacitance of ASC device can be calculated based on galvanostatic chargedischarge experiments according to Equation S4:
where C m (F/g) is the gravimetric capacitance. I is the discharge current (mA). t is the discharge time (s). ΔU is the potential window (V). m is the mass of active material (mg).
Energy density and power density of NOC//MnO 2 Devices
-3-Volumetric energy density (E, Wh/cm 3 ) and volumetric power density (P, W/cm 3 ) are calculated using the following two equations:
Where C v (F/cm 3 ) is the specific capacitance, ΔU the potential window (V) and t the discharge time (s).
Gravimetric energy density (E, Wh/kg) and power density (P, W/kg) are calculated using the following two equations:
where C m (F/g) is the specific capacitance of ASC device, ΔU is the potential window (V) and t is the discharge time (s).
Charge balance for NOC//MnO 2 Devices
To achieve the maximum and stable performance of the ASC device, the capacity (Q) of negative and positive electrode should be balanced, i.e.,
The capacity is associated with areal capacitance (C s ), potential window (ΔU) and working area of electrode (S), as shown in Equation S10:
Combining Equation S9 and S10, the areal ratio of negative electrode to positive electrode should satisfy Equation S11:
and ΔU + = 1.0 V, the areal ratio is about 1. In our work, we fixed the working area of both electrodes to be 1.0 cm 2 .
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Supplementary Figures and Tables
Trasatti Method Analysis
Trasatti method is used to evaluate capacitive contribution from electrical double layer and pseudo-capacitive reactions. The main steps involving the analysis are as follows:
Data collection
Collect cyclic voltammograms at different scan rates and evaluate corresponding areal capacitances based on the following equation:
where C is the areal capacitance (in mF/cm 2 ), ΔU the potential window (in V), S the area enclosed by corresponding cyclic voltammograms (in mA·V/cm 2 ) and v the scan rate (in V/s).
Evaluation of maximum capacitance (C T )
Assuming ion diffusion follows a semi-infinite diffusion pattern (i.e., ions unrestrictedly diffuse to electrode/electrolyte interface from bulk electrolyte), a linear correlation between the reciprocal of the calculated areal capacitance (C -1 ) and the square root of scan rates (v 1/2 ) should be observed 3 :
(Equation S13)
where C, v and C T represent calculated areal capacitance, scan rate and maximum areal capacitance, respectively. The "maximum capacitance (C T )" is treated as the sum of electrical double layer capacitance and pseudo-capacitance. 4 C T equals the reciprocal of the y-intercept of the C -1 vs. v 1/2 plot ( Figure S10 , left columns).
Evaluation of maximum electrical double layer capacitance and maximum pseudocapacitance
Plotting the calculated areal capacitances (C) against the reciprocal of square root of scan rates (v -1/2 ) should also give a linear correlation described by the following equation (assuming a semiinfinite diffusion pattern) 5 : ( Figure S10 , right columns)
where C, v and C EDL is the calculated areal capacitance, scan rate and maximum electrical double layer capacitance, respectively. Linear fit the plot and extrapolate the fitting line to y-axis gives the C EDL . 4 Subtraction of C EDL from C T yields the maximum pseudo-capacitance (C PS ).
Evaluation of the percentage of capacitance contribution
The capacitance contribution can be evaluated based on the following equation:
where C EDL % and C PS % stand for capacitance percentage of electrical double layer capacitance and pseudo-capacitance. 
